Succinoyl dihydrazine (0.90 g, 6.16 mmol) was dissolved in hot methanol-water mixture (50 mL, 90:10). A solution of Ni(OAc)2.4H20 (1.50 g, 6.02 mmol) in methanol (50 mL) was added to the above solution accompanied by gentle stirring for a period of 10 minutes.
Introduction
The first two chapters describe the synthesis and characterization of monometallic and homobimetallic Mo(VI) complexes of the title dihydrazone respectively, while the third chapter describes the synthesis and characterization of zinc complexes of the same ligand.
Nickel is another metal ion from the first transition series which has been selected for the synthesis of its complexes with the title dihydrazone and their characterization. Its selection is based on the consideration that a nickel or cobalt promoted molybdenum catalyst is important in industrial catalysis; particularly in the hydrosulfurizaton process [5] whereby organo sulfur compounds in petroleum feed stocks are heterogeneously desulfurized with dihydrogen. Moreover nickel is also present in six types of metalloenzymes namely ureases, hydrogenases, methyl coenzyme M reductase, carbon monoxide dehydrogenase, acetyl coenzyme A synthase and nickel superoxide dismutases
[1]. Urease, the only nickel containing metallohydrolase catalyses the hydrolysis of urea to ammonia and carbon dioxide [2) . The microbial urease from klebsiella aerogenes has been found to contain two nickel(II) ions which are 3.5 A apart within the dinuclear active site [2] . Further nickel occurs in heterobimetallic enzymes such as jack bean urease [3) and hydrogenase enzyme [4] in which nickel is present in combination with iron.
In addition nickel plays a prominent role in several areas of material chemistry. Some topical interplay between nickel coordination chemistry and material science exists in the use of Ni-containing alkoxides for the synthesis of ceramic materials by MOCUD and so Igel processes, in the preparation of nanoscopic dendrimers incorporating Ni, the constructipn of 3D hyrid inorganic-organic porous materials with Ni coordination units and the fabrication of supported Ni catalysts Md Ni nano-structures through nanotecllp.ology and paramagnetic high magnetism, culminating in the recent discovery of the first smgle molecule magnets based on Ni(II) centres [6).
A survey ofliterature reveals that few complexes ofNi(II) ion with the dihydrazone ligand derived :Q-om the condensation of salicylaldehyde and related o-hydroxy aromatic aldehydes and ketones with malonoyl dihydrazine and other acyl dihydrazines, aroyl dihydrazines and pyridoyl dihydrazines have been reported (7, 8, 9, 10,), yet it has failed to locate any study on metal complexes of the dihydrazone ligand containing succinoyl fragment and bulky naphthyl fragment in its molecular skeleton.
In view of such an importance of nickel and its relation to hetero molybdenum systems and the fact that the previous chapters describe the synthesis and characterization of zinc and molybdenum complexes derived from the title dihydrazone ligand, it was of interest to study the monometallic and the homobimetallic Ni(II) complexes with the title ligand which might serve as precursors in the synthesis ofheterobimetallic systems comprising of nickel and molybdenum. Accordingly, the synthesis and characterization of monometallic and homobimetallic Ni(II) complexes with the title dihydrazone by various methods in methanol are described in this chapter. The composition of the isolated complexes has been judged mainly from the analytical data. The structures of the complexes have been discussed with the help of molar conductance, magnetic moment, electronic and infrared spectral data.
Results and Discussion
The complexes described in the present chapter together with their molecular formula, colour, decomposition point, percentage yield, analytical data, magnetic moment and molar conductance data are set out in Table 6 .1. The electronic spectral data for the complexes have been shown in Table 6 .2. The composition of the complexes has been deduced on the basis of elemental analyses as given below.
[Ni(H2nsh)(A)i] (A = H20 (6.1), py (6.2), 2-pic (6.3), 3-pic (6.4) and 4-pic (6.5))
[Nh(nsh)(A)4] (A = H20 (6.6), py (6.7), 2-pic (6.8), 3-pic (6.9) and 4-pic (6.10))
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The complexes are brown, yellow, light brown and dark yellow in colour. All of the complexes are air stable and decompose above 300 °C without melting. All of the complexes are insoluble in water and common organic solvents such as ethanol, methanol, chloroform, benzene, hexane, and ether. However, all of the complexes are soluble in DMF and DMSO.
Thermal studies
The detailed weight loss studies of the complexes have been carried out in the temperature range 80--250 °C and the vapours evolved have been identified by passing through a trap containing anhydrous copper sulfate and a test tube containing sodium hydroxide solution and chloroform [11) . There was no weight loss observed in the temperature range 80--120 °C in any of the complexes ruling out the possibility of presence of water molecules in the lattice structure of the complexes. However, the complexes (6.1) and (6.6) showed weight loss corresponding to two and four water molecules respectively at 180°C suggesting the presence of two and four water molecules in the first coordination sphere around the metal centre in these complexes. On the other hand, the complexes (6.2) to (6.5) and (6.7) to red. This confirmed that the vapours from these complexes originated from pyridine [12) .
Similarly, the vapours evolved from the complexes (6.4), (6.5), (6.9) and (6.10) in this temperature range turned the colour of cyanogen bromide solution to green-violet and blue respectively on treatment with phloroglucinol solution. This further confirmed the presence of 3-picoline molecules in the complexes (6.4) and (6.9) and 4-picoline molecules in the complexes (6.5) and (6.10), respectively.
Molar Conductance
The molar conductance values of the complexes (6.1) to (6.10) in DMSO solution at M dilution falls in the range 2.62-3.13 ohm-1 cm 2 mor 1 suggesting that they are nonelectrolytes in this solvent [13) .
Magnetic Moment
The µ 8 (BM) values forthe complexes (6.1) to (6.10) are set out in Anomalous magnetic moment values in the solid state have been explained on the basis of absorption spectra by proposing a mixed octahedral and square planar stereochemistry in the solid state due to molecular association [15) , but the electronic absorption spectra of the complexes described in this chapter are consistent with the tetragonally distorted octahedral stereochemistry. Since, the hydrazine bridges do not cause any lowering of the magnetic moment [16) , therefore, it is still reasonable to believe that the lowering of the magnetic moment is due to the presence of oxo-bridged structure and as a result of this Ni(II) complexes attain a tetragonally distorted octahedral stereochemistry.
Electronic Spectra
The electronic spectra of the ligand and its Ni(II) complexes were recorded in DMF solution because of poor solubility of the ligand and the complexes in common organic solvents. The important electronic spectral bands for the dihydrazone ligand (Hinsh) and the monometallic and homobimetallic Ni(ll) complexes along with their molar extinction coefficient are presented in Table 6 .2. The electronic spectra for the complexes (6.1), (6.2), (6.4), (6.6), (6.7) and (6.8) have been shown in Fig. ( 6.1) to (6.6).
The free ligand Hinsh exhibits a couple of bands in the region 317 nm and 363 nm. The band at 317 nm is assigned to intraligand x-x* transition while the band at 363 nm is assigned to n-x* transition [17) .
The electronic spectra of the complexes exhibit two to four bands in the region 300--450 In an octahedral environment, Ni(II) complexes exhibit three bands which are assigned to 3 A2g -3 T 2g (F), (v1); 3 A2g -3 T 1g (F), (v2) and 3 A2g -3 T lg (P}, (v3) transitions, respectively. Since the transition 3 A2g -3 T lg (P), (v3) generally occurs in the region 330-400 nm in which the bands due to organic fraction of the complexes arise as well, hence, this region is not useful from the point of view of drawing any conclusion about the stereochemistry around the Ni(II) centre. However, the first two low energy bands observed in the region 500-900 nm in all of the complexes are characteristic of nickel(ll) in octahedral environment. The octahedral geometry of Ni(II) complexes is further supported by the value ofv2/v1 ratio which lie in the region 1.498-1.504 [19) .
Various ligand field parameters (Table 6. 3) viz. Racah inter-electronic repulsion parameter (B), ligand field splitting energy (1 ODq), covalency factor (p) and ligand field stabilization energy (LFSE) have been calculated for the Ni(II) complexes.
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The ligand field splitting energy (lODq) and the Racah inter-electronic repulsion parameter (B) were calculated by the equations given by Lever [20] .
The Racah interelectronic repulsion parameter (B) was also calculated by the following equation [21] and the values obtained were found to be same as calculated from the equations given by Lever.
The covalency factor (p) was obtained by the following equation:
is the free ion value= 1038 cm" 1 (22])
The ligand field stabilization energy (LFSE) is expressed by the equation:
The percentage lowering of energy of 'P' state in the complexes as compared to its value 
Infrared Spectra
Some of the structurallty significant infrared (IR) spectral bands for the free dihydrazone (Hinsh) and the nickel (II) complexes are listed in Table 6 The uncoordinated dihydrazone shows a medium intensity broad band centered at 3423 cm· 1 and a medium intensity band at 3244 cm·'. The band at 3423 cm· 1 has been assigned to v(OH) vibration of2-hydroxy-l·naphthaldehyde part of the dihydrazone, while the band at 3244 cm· 1 is assigned to arise from secondary -NH group. The IR spectra of the complexes show a weak to medium intensity band in the region 3000-3500 cm·'. This band is attributed to arise due to stretching vibrations of water molecules absorbed by KBr during pellet preparation. However, these bands appear to have contribution from coordinated water molecules in the complexes (6.1) and (6.6). The band in the region 3000-3500 cm· 1 in the complexes (6.1) to (6.5) also appears to have contribution from the stretching vibration of coordinated naphtholic -OH group. Further, the spectral features of the complexes (6.6) to (6.10) conspicuously indicate the coordination of naphtholic -OH group via deprotonation to the metal centre in these complexes.
None of the complexes shows the band characteristic of vNH vibration. This suggests the destruction of -NH group as a result of enolization of the ligand in the complexes and its coordinaton to the metal centre in the enol form.
The v(C=O) stretching vibration appears as a very strong band at 1672 cm· 1 in the infrared spectrum of the uncoordinated dihydrazone. In the infrared spectra of all the complexes, the amide I band disappears indicating destruction of amide structure of the ligand in these The medium intensity band at 1281 cm-1 due to v(C---0) shifts to higher frequency by 21
cm-1 in the complexes (6.1) to (6.5) and appears at ~ 1303 cm-1 as a medium intensity band. On the otherhand this band splits into two bands in the complexes (6.6) to (6.10). Since there is no detectable change in the IR spectra of the complexes (6.2) to (6.5) and ( 6_ 7) to ( 6.10) in the above ranges as compared to IR spectrum of the ligand, where modes of lattice and coordinated water should appear and since, there is no loss of water molecules at 110°C, it is suggested that there are neither lattice water nor coordinated water molecules in these complexes. On the other hand the complexes (6.1) and (6.6) show a new band of medium intensity at 687 cm-I and 630 cm-' respectively. These bands are assigned to rocking mode of coordinated water molecules in these complexes.
Conclusion
In this chapter, monometallic and homobimetallic Ni(II) complexes derived from the dihydrazone ligand bis(2-hydroxy-l-naphthaldehyde )succinoyldihydrazone have been described. In all of the complexes, the dihydrazone is present in anti-cis configuration in enol form. 123
The monometallic complexes (6.1) to (6.5) possess J.letr value in the range 2.85-3.45 BM consistent with their octahedral stereochemistry. These values rule out the possibility of any metal-metal interaction between metal atoms in the structural unit of the complexes.
The dihydrazone (fLJnsh) coordinates to the metal centre as a dibasic tetradentate ligand in enol form through azomethine nitrogen atoms and deprotonated naphtholic oxygen atoms.
In these complexes, the dihydrazone donor atoms are arranged around the Ni(Il) centre in the equatorial position while the axial positions are occupied by the co-ligands H20/pyridine/2-picoline/3-picoline/4-picoline molecules.
In the homobimetallic complexes (6.6) to (6.10), the magnetic moment values lie in the region 1.14- 
